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BORING DEVICE 



(57) There is provided a punching unit arranged so 
that a plurality of punches (52a through 52c and 53 or 
89a through 89d) is grouped into a first group having a 
predetermined number of punches and into a second 
group containing any one of the punches in the first 
group and having a less number of punches and so as 
to produce a punching state of the predetermined 
number of punches by reciprocating a reciprocating 
member (35 or 75) within a first movable range and by 
vertically moving the punches of the first group through 



an intermediary of cams and followers (62 or 25) corre- 
sponding to the first group and another punching state 
of the less number of punches by reciprocating the re- 
ciprocating member (35 or 75) within a second movable 
range and by vertically moving the punches of the sec- 
ond group through an intermediary of cams and follow- 
ers corresponding to the second group. This arrange- 
ment allows the number of punches and dies to be re- 
duced as compared to the prior art unit and the structu re 
of the unit to be simplified with less number of parts. 
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Description 

Technical Field 

5 [0001] The present invention relates to a punching unit for punching holes in a sheet type member by engaging 
punches with corresponding dies and more specifically to a punching unit which may be most suitably attached to a 
main unit of an image forming apparatus, such as a copying machine, a printer, a facsimile and a multifunction machine 
of those machines , or to a printing machine. 

10 Background Art 

[0002] Hitherto, as a punching unit of the sort described above, there have been known a dedicated type punching 
unit dedicated for punching two holes, three holes or four holes and a switching type punching unit arranged so as to 
be able to commonly use punches in punching two holes and three holes or two holes and four holes. As the switching 
15 type punching unit, there is known a sliding-cam type punching unit wherein a stroke range of a cam is divided into 
two stages so as to be able to punch two holes in a certain stroke range and to punch three holes in another stroke 
range as disclosed in Japanese Patent Laid-Open No. 2001-198889. 

Disclosure of Invention 

20 

[0003] However, such sliding-cam type punching unit requires many parts because it requires punches and dies 
each equal to a total number of holes to be punched, e.g., five each punches and dies in the switching type punching 
unit for punching two and three holes. Accordingly, it has been desired to realize a punching unit whose punches and 
dies may be reduced and whose structure may be simplified with less number of parts, while having the function of 
25 punching different numbers of holes. 

[0004] It is therefore an object of the invention to solve the aforementioned problems by providing a punching unit 
whose punches and dies are reduced as compared to those of the prior art punching unit and whose structure is 
simplified with less number of parts. 

[0005] According to one aspect of the invention, a punching unit (30 or 60) is provided with a plurality of punches 
30 (52a through 53c and 53 or 89a through 89d) and dies (54 or 29) for punching holes in a sheet type member, a recip- 
rocating member (35 or 75) capable of reciprocating in the direction orthogonal to moving directions of the punches, 
and a plurality of cams (44, 84 and 94, or 11 through 14) and followers (62 or 25) that engage with the cams, interposed 
between the reciprocating member (35 or 75) and the plurality of punches, for converting the reciprocating movement 
of the reciprocating member (35 or 75) into a vertical movement of the punches to punching and non-punching positions; 
35 wherein: 

the plurality of punches are grouped into a first group composed of a predetermined number of punches and into 
a second group containing any one of the punches in the first group and having a less number of punches than 
the predetermined number of punches in the first group; and 

40 a punching state of the predetermined number of punches is produced by reciprocating the reciprocating member 

(35 or 75) within a first movable range and by vertically moving the punches of the first group through an interme- 
diary of the cams and followers corresponding to the punches of the first group and a punching state of the less 
number of punches than the predetermined number of punches is produced by reciprocating the reciprocating 
member (35 or 75) within a second movable range and by vertically moving the punches of the second group 

45 through an intermediary of the cams and followers corresponding to the punches of the second group. 

[0006] Accordingly, since the punching unit is capable of producing the punching state of the predetermined number 
of holes by reciprocating the reciprocating member (35 or 75) within the first movable range and by vertically moving 
the punches of the first group through the intermediary of the cams and followers corresponding to the punches of the 

50 first group and is capable of producing the punching state of the less holes than the predetermined number by recip- 
rocating the reciprocating member (35 or 75) within the second movable range and by vertically moving the punches 
of the second group through the intermediary of the cams and followers corresponding to the second group, and since 
any one of the punches of the first group is contained also in the punches of the second group and the number of 
punches of the second group is fewer than that of the first group, each punch in the first and second groups may be 

55 selectively put into operation corresponding to the move of the reciprocating member (35 or 75) and it becomes possible 
to lessen a total number of punches used in the different punching processes to be less than a total number of punches 
of the first and second groups, while having the functions of two units that carry out the processes of punching different 
number of holes. Thus, the number of punches and corresponding dies may be reduced as compared to those of the 



2 



EP 1 561 552 A1 



prior art unit. Still more, the number of parts may be reduced, the structure of the unit may be simplified and its cost 
may be lowered. Accordingly, when this punching unit is mounted to an image forming apparatus such as a copying 
machine, it can contribute to multi-functioning of the apparatus. 

[0007] Preferably, the first movable range is a range in which the reciprocating member (35) reaches in advancing 
5 in one direction from a home position with respect to the main frame and the second movable range is a range in which 

the reciprocating member (35) reaches in advancing in the other direction from the home position. 

[0008] Accordingly, the reciprocating member (35) may reach to the first or second movable range readily and reliably 

just by moving in one direction or in the other direction from the home position and hence the control may be simplified. 

[0009] Preferably, first and second neutral positions are provided on the opposite side from the home position, re- 
10 spectively, in thefirst and second movable ranges provided at the positions interposing the home position therebetween; 

and 

the reciprocating member (35) vertically moves the plurality of punches as the first or second group in recipro- 
cating in the first and second movable ranges, respectively. 

[001 0] Accordingly, the mechanism for vertically moving the plurality of punches reliably as the first or second group 
15 just by reciprocating the reciprocating member (35) in the first or second movable range may be realized. 

[001 1 ] Preferably, the first group is composed of three punches (52a, 52b and 52c) arrayed at a predetermined pitch 

and the common punch (52b), that may be commonly used also in the second group, is positioned at the center of the 

three punches (52a, 52b and 52c) in the first group; and 

the second group is composed of the common punch (52b) and a punch (53) dedicated for punching two holes 
20 and disposed between the punch (52c) positioned at one end among the three punches (52a, 52b and 52c) of the first 

group and the common punch (52b). 

[001 2] Accordingly, since this arrangement produces the three-hole punching state in which the common punch (52b) 
at the center of thefirst group is positioned at the center and the two-hole punching state in which its center is positioned 
at the intermediate position between the common punch (52b) and the punch (53) dedicated for punching two holes, 

25 the two-hole and three-hole punching processes may be freely carried out to the member to be punched by only four 
punches (52a through 52c and 53) and dies (54) in total by using the common punch (52b) at the center of the three- 
hole punches (52a, 52b and 52c) also for punching two holes by shifting the respective centers in correspondence to 
the respective processes. Thus, it becomes possible to readily switch the process for punching three holes at a certain 
pitch in the member to be punched and the process for punching two holes at a different pitch. 

30 [0013] Preferably, the cam (84) corresponding to the common punch (52b) is provided with, continuously via a linear 
portion (87b), a first V-shaped portion (85 or 86) capable of moving the common punch (52b) from the non-punching 
position to the punching position when the reciprocating member (35) moves in one direction and a second V-shaped 
portion ( 85 or 86) capable of moving the common punch (52b) from the non-punching position to the punching position 
when the reciprocating member (35) moves in the other direction. 

35 [0014] Accordingly, since the cam (84) corresponding to the common punch (52b) is provided with, continuously via 
the linear portion (87b), the first V-shaped portion capable of moving the common punch (52b) when the reciprocating 
member (35) moves in one direction and the second V-shaped portion capable of moving it when the reciprocating 
member (35) moves in the other direction, the structure for freely moving the common punch (52b) as the punch of 
the first group or the second group may be realized even though it is simple. 

40 [0015] Preferably, the first movable range is a range to which the reciprocating member (75) reaches in advancing 
by one step in one direction from a home position with respect to the main frame and the second movable range is a 
range to which the reciprocating member (75) reaches in advancing further by one step in one direction from the first 
movable range. 

[0016] Accordingly, since the reciprocating member (75) may readily and reliably reach to the first or second movable 
45 range just by advancing by one step in one direction from the home position or by advancing further by one step in 
one direction from the first movable range, the control may be simplified. 

[0017] Preferably, first and second neutral positions are provided in order from the home position in the first and 
second movable ranges sequentially provided in one direction from the home position; and 

the reciprocating member (75) vertically moves the plurality of punches (89a through 89d) as the first or second 

50 group in reciprocating respectively in the first and second movable ranges. 

[001 8] Accordingly, the plurality of punches (89a through 89d) may be vertically moved reliably as the first or second 
group just by reciprocating the reciprocating member (75) within the first or second movable range. 
[001 9] Preferably, the first group is composed of three or more punches (89a through 89d) arrayed at a predetermined 
pitch and the second group is composed of at least two punches (89b and 89c) among the punches in the first group. 

55 [0020] Accordingly, because the first group is composed of thefour or more punches, i.e., the even number of punches 
(89a through 89d) , and the second group is composed of the two center punches (89b and 89c) among the punches 
(89a through 89d) of the first group, the four- and two-hole punching processes may be adequately and freely carried 
out on the sheet P without shifting, in correspondence to each process, the center of each punching state of the four- 
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punching state which is carried out centering on the center part of the four punches (89a through 89d), i.e., the inter- 
mediate position between the punches (89b and 89c), of the first group and of the two-hole punching state which is 
carried out centering on the intermediate position between the two center punches (89b and 89c) of the first group. 
[0021] Preferably, the punching unit (60) is provided further with move restricting means (23) for restricting the re- 
5 ciprocating member (75) from moving to the movable range on the opposite side in using the reciprocating member 
(75) within the first or second movable range. 

[0022] Accordingly, it becomes possible to reduce a number of sensors for detecting the move of the cam plate (75) 
by the very simple arrangement of just restricting the move of the cam plate (75) to the movable range on the opposite 
side by the move restricting means (23). That is, when the punching unit (60) is mounted to a main unit of a copying 

10 machine or the like, a control is made so as to be able to use only the group actually used often based on data detected 
by the sensors for detecting the move of the reciprocating member (75) to the group of the opposite side. For instance, 
when the control is reset after when a supply of electric power is started again from a condition of system-down such 
as a power failure, the control of shifting the reciprocating member (75) to the group used before the power failure is 
normally carried out based on the result detected by the sensor. Accordingly, although the sensor (78) is essential, the 

15 present invention enables the relatively expensive sensor (78) to be eliminated and the cost to be cut because it restricts 
the very move of the reciprocating member (75) to the opposite side by the move restricting means (23) and by omitting 
the sensor (78). 

[0023] Preferably, the move restricting means (23) is a stopper for blocking the move of the reciprocating member 
(75) at a predetermined position with respect to the main frame. 
20 [0024] Accordingly, since the move restricting means (23) for stopping the move of the reciprocating member (75) 
at the predetermined position with respect to the main frame may be arranged by the stopper, the move restricting 
means (23) may be constructed very simply 

[0025] Additional objects and advantages of the invention will be apparent from the following detailed description of 
preferred embodiments thereof, which are best understood with reference to the accompanying drawings. 

25 

Brief Description of Drawings 
[0026] 

30 FIG. 1 is a partially broken front view of a punching unit according to a first embodiment of the invention; 

FIG. 2 is a plan view of the punching unit in FIG. 1 ; 

FIG. 3 is a section view of the punching unit taken along a line A-A in FIG. 1 ; 
FIG. 4 is a section view of the punching unit taken along a line B-B in FIG. 1 ; 

FIGs . 5A through 5C are section views of the punching unit for explaining operations of the punching unit of the 
35 present embodiment, wherein FIG. 5A shows a three-hole punching state for punching three holes by punches of 

a first group, FIG. 5B shows an initial state, and FIG. 5C shows a two-hole punching state for punching two holes 
by punches of a second group; 

FIG. 6 is a partially broken front view of a punching unit according to a second embodiment of the invention; 
FIG. 7 is a plan view of the punching unit in FIG. 6; 
40 FIG. 8 is a bottom view of the punching unit in FIG. 6; 

FIG. 9 is a side view of the punching unit taken along a line E-E in FIG. 6; 

FIG. 1 0 is a side section view of the punching unit taken along a line F-F in FIG. 6; and 

FIG. 11 is a partially enlarged front view of a movable range detecting sensor, a rack and others in FIG. 6. 

45 Best Modes for Carrying out the Invention 

<First Embodiment 

[0027] A first embodiment of an inventive punching unit will be explained below with reference to the drawings. FIG. 

50 1 is a partially broken front view of the punching unit according to the first embodiment of the invention, FIG. 2 is a 
plan view of the punching unit in FIG. 1 , FIG. 3 is a section view of the punching unit taken along a line A-A in FIG. 1 , 
FIG. 4 is a section view of the punching unit taken along a line B-B in FIG. 1 and FIGs. 5A through 5C are section 
views of the punching unit for explaining operations of the punching unit of the present embodiment. 
[0028] As shown in FIGs. 1 and 2, the punching unit 30 of the present embodiment has a rectangle-tublar main frame 

55 31 , on which a motor 33 is disposed through an intermediary of a bracket 32. The motor 33 is linked to a lengthy cam 
plate (reciprocating member) 35 through an intermediary of a speed reducing gear mechanism 34 and functions as a 
driving source for moving the cam plate 35 in the lateral direction in FIG. 1 . The punching unit 30 is also provided with 
control means 20 for calculating a number of revolution, directions of rotation and others of the motor 33 upon receiving 
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detecting signals from the motor 33, punch detecting sensors 92 and 93 and cam plate detecting sensors 55 and 56 
described later and for controlling the motor 33 by outputting a corresponding driving signal. 

[0029] As shown in FIG. 1 , the speed reducing gear mechanism 34 has a driving gear 37 fixed to an output shaft 36 
of the motor 33 that penetrates through the bracket 32, a large intermediary gear 38 and a small intermediary gear 39 

5 which are formed in a body and are rotatably supported by the bracket 32, a follower gear 40 which is fixed to a pivot 
21 rotatably supported by the bracket 32 and whose diameter is larger than that of the intermediary gear 39, a pinion 
41 fixed at the edge of the pivot 21 within the main frame 31 and a rack 42 engaging with the pinion 41 and provided 
along the extension of the cam plate 35. It is noted that in FIG. 1 , the upper part of punches 53 and 52c, which are 
actually positioned in front of the rack 42 in the figure, is omitted in the figure for convenience. 

10 [0030] The cam plate 35 is disposed so as to be able to reciprocate in the lateral direction in FIG. 1 along the inner 
face of the main frame 31 while receiving a rotational force of the pinion 41 via the rack 42. A part of the upper edge 
of the cam plate 35 in the vicinity of the left end thereof is slightly cut away and a convex portion 43 is formed at the 
left end of the upper edge. The convex portion 43 reduces a contact area of the cam plate 35 with the main frame 31 , 
so that sliding resistance decreases and the cam plate 35 slides smoothly. 

15 [0031 ] Three notches 66, 67 and 68 are formed at predetermined intervals in the cut-away portion of the upper edge 
of the cam plate 35 in the vicinity of the left end thereof and a resilient positioning plate 65 is provided at the inner face 
of the main frame 31 above the cut-away portion while being biased downward. By engaging with the positioning plate 
65, the center notch 67 anchors the cam plate 35 to the center initial position (see FIG. 5B). Similarly, by engaging 
with the positioning plate 65, the right notch 66 anchors the cam plate 35 to the left end position and the left notch 68 

20 anchors the cam plate 35 to the right end position. The positioning plate 65 and the notches 66, 67 and 68 compose 
a cam plate positioning mechanism 99. The speed reducing gear mechanism 34 and others compose driving means 
91 for converting the rotational force of the motor 33 to linear reciprocating force for reciprocating the cam plate 35 to 
vertically move punches 52a, 52b, 53 and 52c described later. 

[0032] The cam plate 35 is provided with three cams 44, 84 and 94 formed in order from the left side of the figure. 
25 The cams 44 and 94 are formed so that their level is equal below the center of the cam plate 35 in the vertical direction, 
i.e., in the direction orthogonal to the longitudinal direction thereof. The cam 84 is positioned above the center of the 
cam plate 35 in the vertical direction and is formed so that a third linear portion 87c overlaps longitudinally with a first 
linear portion 97a of the cam 94. 

[0033] The cams 44, 84 and 94 are formed respectively so as to penetrate from the front to the back of the cam plate 

30 35 along the longitudinal direction thereof. The cam 44 has a first linear portion 46a formed so as to extend by a 
predetermined width in the longitudinal direction of the cam plate 35 on the level of center of the cam plate 35, a V- 
shaped portion 45 formed so as to gradually descend at a predetermined angle from the right end of the fist linear 
portion 46a and then to gradually ascend from the lowest point (bottom) at a predetermined angle and a second linear 
portion 46b formed so as to extend by a predetermined width from the right end of the V-shaped portion 45 in the 

35 longitudinal direction on the same level with the first linear portion 46a. 

[0034] The cam 84 has a first linear portion 87a formed so as to extend by a predetermined width in the longitudinal 
direction of the cam plate 35 on the upper level of the cam plate 35, a V-shaped portion 85 formed so as to gradually 
descend at the predetermined angle from the right end of the fist linear portion 87a and then to gradually ascend from 
the bottom at the predetermined angle, a second linear portion 87b formed so as to extend by a predetermined width 

40 from the right end of the V-shaped portion 85 in the longitudinal direction on the same level with the first linear portion 
87a, a V-shaped portion 86 formed so as to gradually descend at the predetermined angle from the right end of the 
second linear portion 87b and then to gradually ascend from the bottom at the predetermined angle, and a third linear 
portion 87c formed so as to extend by a predetermined width from the right end of the V-shaped portion 86 in the 
longitudinal direction on the same level with the first and second linear portions 87a and 87b. 

45 [0035] The cam 94 has a first linear portion 97a formed so as to extend by a predetermined width in the longitudinal 
direction of the cam plate 35 on the level of center of the cam plate 35, a V-shaped portion 95 formed so as to gradually 
descend at the predetermined angle from the right end of the fist linear portion 97a and then to gradually ascend from 
the bottom at the predetermined angle, a second linear portion 97b formed so as to extend by a predetermined width 
from the right end of the V-shaped portion 95 in the longitudinal direction on the same level with the first linear portion 

50 97a, a V-shaped portion 96 formed so as to gradually descend at the predetermined angle from the right end of the 
second linear portion 97b and then to gradually ascend from the bottom at the predetermined angle, and a third linear 
portion 97c formed so as to extend by a predetermined width from the right end of the V-shaped portion 96 in the 
longitudinal direction on the same level with the first and second linear portions 97a and 97b. 

[0036] The punching unit 30 has the punches 52a, 52b and 52c, for use in punching three holes, which are supported 
55 movably in the direction orthogonal to the longitudinal direction at intervals of a predetermined distance D1 in the 
longitudinal direction of the main frame 31 (cam plate 35). The punching unit 30 also has a punch 53 dedicated for use 
in punching two holes and supported movably in the direction orthogonal to the longitudinal direction between the 
punches 52b and 52c apart from the punch 52b by a distance D2 that is shorter than the distance D1 . The punch 52b 
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is used also in punching two holes as described later. 

[0037] These punches 52a, 52b, 53 and 52c as well as the cams 44, 84 and 94 are arranged so as to have a 
predetermined positional relationship as described later. It is noted that pins 62, which are supported respectively by 
the punches 52a, 52b, 53 and 52c, are slidably inserted through the cams 44, 84 and 94. 

5 [0038] That is, in the initial state in which the cam plate 35 is positioned at the center part of the main frame 31 as 
shown in FIGs. 1 and 5B, the pin 62 of the punch 52a is positioned in the first linear portion 46a near the V-shaped 
portion 45, the pin 62 of the punch 52b is positioned in the center part of the second linear portion 87b, the pin 62 of 
the punch 53 is positioned in the second linear portion 97b near the V-shaped portion 95, and the pin 62 of the punch 
52c is positioned in the second linear portion 97b near the V-shaped portion 96. 

10 [0039] Still more, in a three-hole punching state for punching three holes as shown in FIG. 5A, the pins 62 of the 
punches 52a, 52b and 52c are positioned in the V-shaped portion 45 of the cam 44, in the V-shaped portion 86 of the 
cam 84 and in the V-shaped portion 96 of the cam 94, respectively, and the pins 62 of the punch 53 dedicated for 
punching two holes is positioned in the center part of the second linear portion 97b of the cam 94. 
[0040] Further, in a two-hole punching state for punching two holes as shown in FIG. 5C, the pins 62 of the punches 

15 52b and 53 are positioned in the V-shaped portion 85 of the cam 84 and in the V-shaped portion 96 of the cam 94, 
respectively, and the pins 62 of the punches 52a and 52c dedicated for punching three holes are positioned in the left 
end of the first linear portion 46a of the cam 44 and in the center part of the second linear portion 97b of the cam 94, 
respectively. 

[0041] In order to realize the initial state, the three-hole punching state and the two-hole punching state described 
20 above, the cams 44, 84 and 94 have the following positional relationship from each other. 

[0042] That is, as shown in FIGs. 1 , 2 and 5, they are arranged so that the pitch (D1 ) of the three-hole punches 52a, 
52b and 52c is equal to the pitch of the bottoms of the V-shaped portion 45, 86 and 96 corresponding thereto. Still 
more, they are set so that the length of the second linear portion 46b of the cam 44, the first linear portion 87a, the 
second linear portion 87b and the third linear portion 87c of the cam 84, and the first linear portion 97a and the third 
25 linear portion 97c of the cam 94 are equal from each other, and so that the first linear portion 97a of the cam 94 overlaps 
with the third linear portion 87c of the cam 84. 

[0043] Further, the second linear portion 97b of the cam 94 is set so as to have a length slightly longer than a distance 
between the punches 53 and 52c so as to be able to keep the both neighboring punches 53 and 52c at the highest 
position (non-punching position) in the initial state described above, to forward the punch 52c to the V-shaped portion 
30 96 and to keep the punch 53 at the highest position in the three-hole punching state described above, and to forward 
the punch 53 to the V-shaped portion 95 and to keep the punch 52c at the highest position in the two-hole punching 
state described above. 

[0044] The cam 44 is set so that the first linear portion 46a of the cam 44 has a length equal to that of the second 
linear portion 97b of the cam 94 so as to be able to keep the punch 52a at the highest position until when the two-hole 

35 punching state in FIG. 5C passes from the initial state in FIG. 5B. 

[0045] Meanwhile, as shown in FIGs. 1 , 3 and 4, a leg 51 is attached to a lower face 31 a of the main frame 31 through 
an intermediary of spacers 50. The spacer 50 is provided to form a gap S that permits sheets (member to be punched) 
P to pass between the lower face 31 a and an upper face 51 a of the leg 50. A slope 51 b for guiding the sheet P to the 
gap S is formed at the corner of the leg 51 as shown in FIG. 3. 

40 [0046] As shown in FIG. 1 , the main frame 31 is provided with eight punch-supporting holes 58 in total formed so as 
to penetrate through the upper and lower faces of the main frame 31 . The punches 52a, 52b, 53 and 52c are slidably 
inserted through these punch-supporting holes 58, respectively. Four dies 54 are formed through the upper face 51 a 
of the leg 51 so as to face to the punch-supporting holes 58 at the lower face of the main frame 31 , respectively. An 
internal diameter of each die 54 is set to be almost equal to an outside diameter of the respective punches 52a, 52b, 

45 53 and 52c to which the respective dies engage. 

[0047] The punches 52a, 52b and 52c are arrayed at an equal pitch (D1) and compose a first group for punching 
three holes in the sheet P. The punch 53 composes, together with the punch 52b (common punch) that is also used 
for punching three holes, a second group for punching two holes in the sheet P. 

[0048] Then, as shown in FIGs. 1 and 4, the punch 52b for example is provided with a through hole 63 in the direction 
50 orthogonal to its moving direction (vertical direction in the figure) c. The through hole 63 supports the aforementioned 
pin (follower) 62 so that it penetrates through the hole 63 and the second linear portion 87b and protrudes toward a 
guide long hole 48 of the main frame 31 . The guide long hole 48 is formed so as to penetrate through a side wall of 
the main frame 31 and so that it's longitudinal direction coincides with the vertical direction. Removable stop rings 64 
are fitted to the both ends of the pin 62 so that the pin 62 will not come out of the through hole 63 of the punch 52b. 
55 [0049] Still more, the punch 52b is provided with a spring 47 that biases the punch 52b toward the corresponding 
die 54. The spring 47 is interposed between the upper edge of the main frame 31 and a stop ring 98 fixed to the punch 
52b. Although the spring 47 biases the punch 52b downward, the punch 52b will not come out of the main frame 31 
because the pin 62 penetrates through the second linear portion 87b of the cam 84 and is held by that. 
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[0050] It is noted that the punch 52b indicated by a solid line in FIG. 4 shows the state in which it is positioned at the 
highest position and that indicated by a two-dotted line shows the state in which it is positioned at the lowest position 
(punching position). It is noted that although the supporting structure has been described centering on that of the punch 
52b, the structures for supporting the other punches 52a, 53 and 52c are the same with that and an explanation thereof 
5 will be omitted here. 

[0051] Further, as shown in FIG. 1 , cam plate detecting sensors 55 and 56 for detecting that the cam plate 35 has 
reached to the right or left end are provided at the both ends of the movable range of the cam plate 35 within the main 
frame 31 . Still more, a punch detecting sensor 92 for detecting the upper end of the punch 52b among the three-hole 
punches 52a, 52b and 52c and a punch detecting sensor 93 for detecting the upper end of the punch 53 among the 

10 two-hole punches 52b and 53 are provided on the upper face of the main frame 31 . 

[0052] In the punching unit 30 of the present embodiment having the structure described above, a range within which 
the cam plate 35 reaches when it is moved to the left as shown in FIG. 5A from the home position, i.e. , the initial state 
in FIG. 5B, will be defined as a first movable range R3 and a range within which the cam plate 35 reaches when it is 
moved to the right as shown in FIG. 5C from the home position will be defined as a second movable range R2. 

15 [0053] The three-hole punching state using the three-hole punches 52a, 52b and 52c as the first group is obtained 
by reciprocating the cam plate 35 within the first movable range R3 and the two-hole punching state using the two- 
hole punches 52b and 53 as the second group is obtained by reciprocating the cam plate 35 within the second movable 
range R2. 

[0054] When the home position is denoted as N 2 and the position where all of the punches separate from the dies 
20 54, thus producing the non-punching state beside the home position, is defined as a neutral position, a neutral position 
N 1 and a neutral position N 3 exist respectively on the opposite side from the home position N 2 with respect to an 
intermediate position described later where the punching state is produced in the first and second movable ranges R3 
and R2. That is, with respect to the first and second movable ranges R3 and R2 interposing the home position N 2 
therebetween, this state may be expressed as follows: 

25 

N 1 < > three-hole punching state (R3) <— N 2 -> two-hole 



punching state (R2) < > N 3 

30 

(Operation in Punching Three Holes) 

[0055] In the initial state of the punching unit 30 in which the motor 33 is stopped, the positioning plate 65 of the cam 
plate positioning mechanism 99 engages with the notch 67 and the cam plate 35 is held at the center within the main 
35 frame 31 as shown in FIG. 1 (i.e., in FIG. 5B). At this time, the pin 62 of the punch 52a is positioned in the first linear 
portion 46a of the cam 44, the pin 62 of the punch 52b is positioned in the second linear portion 87b of the cam 84 
and the pins 62 of the punches 53 and 52c are positioned in the second linear portion 97b of the cam 94, respectively. 
That is, all of the punches are kept at the highest positions. 

[0056] When the sheet P is fed into the gap S between the main frame 31 and the leg 51 through an intermediary 
40 of sheet conveying means not shown and is positioned at a predetermined position in this initial state, a sensor not 
shown detects that the sheet P has been fed to the punching unit 30. Then, based on this detection, the control means 
20 turns on the punching unit 30. It is assumed that a user has made a setting for punching three holes in advance by 
this point of time. 

[0057] Then, the control means 20 drives the motor 33 to move the cam plate 35 so as to shift from the initial state 
45 in FIG. 5B to the three-hole punching state in FIG. 5A. Then, because the cam plate 35 starts to move to the left, the 
pin 62 of the punch 52a is guided from the first linear portion 46a to the bottom of the V-shaped portion 45, the pin 62 
of the punch 52b is guided from the second linear portion 87b to the bottom of the V-shaped portion 86 and the pin 62 
of the punch 52c is guided from the second linear portion 97b to the bottom of the V-shaped portion 96. 
[0058] Thereby, the three-hole punches 52a, 52b and 52c drop to the lowest position, respectively, and engage with 
50 the dies 54 after punching holes in the sheet P as shown in FIG. 5A. In the same time, when the punch detecting sensor 
92 detects that the punch 52b that is one of the three-hole punches is positioned at the lowest position, the control 
means 20 recognizes that three holes have been punched in the sheet P by the punches 52a, 52b and 52c of the first 
group. In this state, the cam plate 35 is positioned at the intermediate position of the first movable range R3 after 
moving from the home position N 2 . 
55 [0059] Then, in response to a signal from the control means 20, the motor 33 rotates and continues to move the cam 
plate 35 to the left, so that the cams 44, 84 and 94 lead the respective pins 62 to the second linear portion 46b, the 
third linear portion 87c and the third linear portion 97c and lift and keep the respective punches 52a, 52b and 52c at 
the highest position while keeping the punch 53 at the highest position by the second linear portion 97b of the cam 94. 
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At this time, the cam plate 35 moves to the leftmost end and the positioning plate 65 of the cam plate positioning 
mechanism 99 engages with the notch 66, so that the cam plate 35 is held at that position. That is, the cam plate 35 
is positioned at the final end of the first movable range R3 in this state. 

[0060] At this point of time, the sheet P in which the three holes have been punched is pulled out of the gap S (see 
5 FIG. 3) and a new sheet P is fed to the gap S. When the motor 33 rotates reversely by a predetermined number of 

revolution in this state and when the cam plate 35 which is positioned at the left end moves to the right, i.e., when the 

cam plate 35 moves from the end of the first movable range R3 to the intermediate position, three holes are punched 

in the new sheet P by the three-hole punches 52a, 52b and 52c. When the cam plate 35 moves further to the right, i. 

e. , when the cam plate 35 moves from the intermediate position of the first movable range R3 to the home position 
10 N 2 , the pins 62 of the punches 52a, 52b and 52c are led to the first linear portion 46a, the second linear portion 87b 

and the second linear portion 97b, respectively. Then, the positioning plate 65 engages with the notch 67 and the cam 

plate 35 returns to the initial state in FIG. 5B. 

[0061 ] Thus, the punching unit 30 is capable of repeatedly carrying out the operation of punching three holes by the 
punches 52a, 52b and 52c by reciprocating the cam plate 35 within the first movable range R3. 

15 

(Operation in Punching Two Holes) 

[0062] When a sheet P is fed to the gap S between the main frame 31 and the leg 51 and stops at the predetermined 
position in the initial state in FIG. 5B in which the motor 33 is stopped, the control means 20 turns on the punching unit 
20 30 based on the detection of the sensor not shown. It is assumed that the user has made a setting for punching two 
holes in advance by this point of time. 

[0063] Then, the control means 20 drives the motor 33 to move the cam plate 35 so as to shift the state from the 
initial state in FIG. 5B to the two-hole punching state in FIG. 5C. Thereby, while the cam plate 35 starts to move to the 
right, the pins 62 of the punches 52a and 52c not used in punching two holes are held as they are at the highest position 
25 by the first linear portion 46a and the second linear portion 97b engaging therewith in the initial state. In contrary to 
that, the pin 62 of the punch 52b that is also used in punching three holes is guided from the second linear portion 87b 
to the bottom of the V-shaped portion 85 and the pin 62 of the punch 53 is guided from the second linear portion 97b 
to the bottom of the V-shaped portion 95. 

[0064] Thereby, the two-hole punches 52b and 53 drop to the lowest position, respectively, and engage with the dies 
30 54 after punching holes in the sheet P as shown in FIG. 5C. In the same time, when the punch detecting sensor 93 
detects that the punch 53, which is one of the two-hole punches, is positioned at the lowest position, the control means 
20 recognizes that two holes have been punched in the sheet P by the punches 52b and 53 of the second group. That 
is, the cam plate 355 is positioned in the intermediate position of the second movable range R2 after moving from the 
home position N 2 . 

35 [0065] Then, in response to the signal from the control means 20, the motor 33 rotates and continues to move the 
cam plate 35 further to the right, so that the cams 84 and 94 lead the respective pins 62 to the first linear portion 87a 
and the first linear portion 97a and lift and keep the respective punches 52b and 53 at the highest position while keeping 
the punches 52a and 52c at the highest position by holding the respective pins 62 in the first linear portion 46a and 
the second linear portion 97b of the cams 44 and 94. At this time, the cam plate 35 moves to the rightmost end and 

40 the positioning plate 65 of the cam plate positioning mechanism 99 engages with the notch 68, so that the cam plate 
35 is held at that position. That is, the cam plate 35 is positioned at the final end of the second movable range R2. 
[0066] At this point of time, the sheet P in which two holes have been punched is pulled out of the gap S (see FIG. 
3) and a new sheet P is fed to the gap S. When the motor 33 rotates reversely by a predetermined number of revolution 
in this state and when the cam plate 35 that is positioned at the right end moves to the left, i.e., when the cam plate 

45 35 moves from the final end of the second movable range R2 to the intermediate position N 2 , two holes are punched 
in the new sheet P by the two-hole punches 52b and 53. When the cam plate 35 moves further to the left, i.e., when 
the cam plate 35 moves from the intermediate position of the second movable range R2 to the home position N 2 , the 
pins 62 of the punches 52b and 53 are led to the second linear portion 87b and the second linear portion 97b, respec- 
tively. Then, the positioning plate 65 engages with the notch 67 and the cam plate 35 returns to the initial state in FIG. 5B. 

50 [0067] Thus, the punching unit 30 is capable of repeatedly carrying out the operation of punching two holes by the 
punches 52b and 53 by reciprocating the cam plate 35 within the second movable range R2. 

[0068] As described above, the punching unit 30 of the present embodiment is capable of punching three holes by 
moving the cam plate 35 to the left from the intermediate position and of punching two holes by moving the cam plate 
35 to the right from the intermediate position. That is, it is possible to punch different numbers of holes at different 
55 positions of the sheet P by one unit. 

[0069] At this time, because a position C1 corresponding to the position of the punch 52b becomes the center in 
punching three holes as shown in FIG. 5A and a position C2 corresponding to the position between the punches 52b 
and 53 becomes the center in punching two holes as shown in FIG. 5C, it is desirable to adopt the following methods 



8 



EP 1 561 552 A1 



in punching two and three holes in the sheet P having the same size. 

[0070] For instance, the relative position of the whole punching unit 30 and a unit mounting section of a copying 
machine or the like mounting the punching unit 30 is shifted by position changing means not shown so that the center 
C2 coincides with the center C1 . Or, the position for feeding the sheet to the punching unit 30 by the sheet conveying 
5 means not shown in a copying machine or the like mounting the punching unit 30 is changed in punching two holes 
and in punching three holes. The punching process may be smoothly carried out while eliminating misalignment of 
centers in punching two and three holes by adequately adopting these methods. 

[0071 ] While the punches 52a, 52b, 53 and 52c are provided, respectively, with the springs 47 for biasing the punches 
in the direction of approaching to the corresponding dies, the spring 47 adds a thrust force to each punch in punching 
10 a hole in the sheet P and also becomes a load in separating the respective punch from its corresponding die. It enables 
the load applied to the motor 33 required in moving the cam plate 35 to be almost uniformed and enables the process 
of continuously punching holes in the sheet P to be smoothly carried out. 

[0072] Further, although the pins 62 have been provided on the side of the punches 52a, 52b, 53 and 52c, and the 
cams 44, 84 and 94 have been provided on the side of the cam plate 35, it is possible to reverse this relationship and 
15 to provide the cams on the side of the punches 52a, 52b, 53 and 52c and to provide the pins on the side of the cam 
plate 35. 

[0073] As described above, the punching unit 30 of the present embodiment is capable of producing the three-hole 
punching state by reciprocating the cam plate 35 within the first movable range R3 to vertically move the punches 52a, 
52b and 52c of the first group through the intermediary of the cams 44, 84 and 94 corresponding to the punches of the 

20 first group and the pins (followers) 62, and of producing the two-hole punching state in which holes to be punched is 
fewer than that of the first group by reciprocating the cam plate 35 within the second movable range R2 to vertically 
move the punches 52b and 53 of the second group. Further, because the second group includes the punch 53 that 
also belongs to the first group and the number of punches thereof is smaller than that of the first group, the total number 
of punches (four) used in the different punching processes may be lessened as compared to the total number of 

25 punches (five) of the first and second groups by selectively operating the respective punches of the first and second 
groups corresponding to the move of the cam plate 35 while having the function of two units carrying out the processes 
of punching the different number of holes. Thus, it allows the number of punches and of the corresponding dies to be 
reduced as compared to those of the prior art, the number of parts to be reduced and the structure of the unit to be 
simplified. It may also bring down the cost and will contribute to multi-functioning of an image forming apparatus such 

30 as a copying machine when it is mounted thereto. 

[0074] Further, because it is capable of readily and steadily shifting to the first movable range R3 or to the second 
movable range R2 just by moving the cam plate 35 to the left or right from the home position N 2 , its control may be 
simplified. Still more, it realizes the structure of vertically moving the punches 52a, 52b, 53 and 52c reliably as the first 
or second group just by reciprocating the cam plate 35 in the first movable range R3 or in the second movable range R2. 

35 [0075] While the punching unit 30 produces the three-hole punching state centering on the common punch 52b 
positioned at the center of the first group and the two-hole punching state centering on the intermediate position between 
the common punch 52b and the punch 53 dedicated for punching two holes, it is freely capable of carrying out the two- 
hole and three-hole punching processes adequately to the sheet (to be punched) P just by the four punches (and dies) 
in total in which the common punch 52b at the center of the three-hole punches is used also in punching two holes by 

40 shifting the respective centers corresponding to the respective processes. That is, it becomes possible to readily switch 
the process of punching three holes in the sheet P with a certain pitch and the process of punching two holes with a 
pitch different thereto. 

[0076] Still more, because the cam 84 corresponding to the common punch 52b is provided with the V-shaped portion 
86 capable of operating the common punch 52b when the cam plate 35 moves to the left and the V-shaped portion 85 
45 capable of operating the common punch 52b when the cam plate 35 moves to the right continuously via the second 
linear portion 87b, the structure that permits the common punch 52c to be freely operated as the first or second group 
may be realized even though its structure is so simplified. 

<Second Embodiment 

50 

[0077] Next, a second embodiment of the inventive punching unit will be explained with reference to FIGs. 6 through 
1 1 . FIG. 6 is a partially broken front view of a punching unit according to a second embodiment of the invention, FIG. 
7 is a plan view of the punching unit in FIG. 6, FIG. 8 is a bottom view of the punching unit in FIG. 6, FIG. 9 is a side 
view of the punching unit taken along a line E-E in FIG. 6, FIG. 1 0 is a side section view of the punching unit taken 
55 along a line F-F in FIG. 6 and FIG. 11 is a partially enlarged front view of a movable range detecting sensor, a rack 
and others in FIG. 6. 

[0078] As shown in FIGs. 6 through 1 1 , the punching unit 60 of the present embodiment is provided with a motor 73 
on a main frame 70 through an intermediary of a bracket 71 . The motor 73 is linked to a lengthy cam plate (reciprocating 



9 



EP 1 561 552 A1 



member) 75 through an intermediary of a speed reducing gear mechanism 74 and functions as a driving source for 
moving the cam plate 75 in the lateral direction. The punching unit 60 has control means 80 for controlling the motor 
73 based on detecting signals received form movable range detecting sensors 76, 77 and 78. It is noted that an encoder 
2 in FIG. 6 detects a number of revolution and others of the motor 73. 
5 [0079] As shown also in FIG. 6, the speed reducing gear mechanism 74 has a driving gear 79 fixed to an output 
shaft of the motor 73 that penetrates through the bracket 71 , large and small gears 81 and 82 formed in a body and 
rotatably supported by the bracket 71 , and a rack 83 linked to the left end portion of the cam plate 75 while extending 
in the longitudinal direction of the cam plate 75 and engaging with the small gear 82. 

[0080] The cam plate 75 is disposed so as to be able to reciprocate in the lateral direction of the figure along the 
10 inner face, i.e., in the rear side of FIG. 6, of the main frame 70 while receiving a rotational force of the small gear 82 
through the intermediary of the rack 83. The speed reducing gear mechanism 74 and others compose driving means 
90 for converting the rotational force of the motor 73 to a linear reciprocal force of the cam plate 755 for vertically 
moving punches 89a, 89b, 89c and 89d described later. 

[0081 ] The cam plate 75 is provided with four cams 11, 12, 13 and 1 4 formed in order from the left side of the figure. 
15 The cams 1 2 and 1 4 are formed so that their level in the direction orthogonal to the longitudinal direction of the cam 
plate 75, i.e., in the vertical direction in the figure, is equal under the center thereof. The cams 11 and 13 are positioned 
above the center in the direction orthogonal to the longitudinal direction of the cam plate 75. 

[0082] Thecams 11 through 14 penetrate from the front to the back of the cam plate 75 along the longitudinal direction 
of the cam plate 75. The cam 1 1 has a first linear portion 1 1 a formed so as to extend by a predetermined width in the 

20 longitudinal direction on the upper level of the cam plate 75 in the direction orthogonal to the longitudinal direction 
thereof, a V-shaped portion 1 5 that drops gradually at a predetermined angle from the right end of the first linear portion 
1 1 a and then rises gradually at the predetermined angle from the lowest part (bottom), and a second linear portion 1 1 b 
extending from the right end of the V-shaped portion 15 by a predetermined width in the longitudinal direction on the 
same level with the first linear portion 11a. 

25 [0083] The cam 1 2 has a first linear portion 1 2a formed so as to extend by a predetermined width in the longitudinal 
direction on the lower level of the cam plate 75 and so as to overlap by a predetermined length with the second linear 
portion 1 1 b of the cam 1 1 , a V-shaped portion 1 6 that drops from the right end of the first linear portion 1 2a gradually 
at the predetermined angle and then rises from the bottom gradually at the predetermined angle, a second linear portion 
1 2b extending from the right end of the V-shaped portion 1 6 by a predetermined width in the longitudinal direction on 

30 the same level with the first linear portion 1 2a, a V-shaped portion 1 7 that drops from the right end of the second linear 
portion 1 2b gradually at the predetermined angle and then rises from the bottom gradually at the predetermined angle, 
and a third linear portion 1 2c extending from the right end of the V-shaped portion 1 7 by a predetermined width in the 
longitudinal direction on the same level with the first and second linear portions 1 2a and 1 2b. 

[0084] The cam 1 3 has a first linear portion 1 3a formed so as to extend by a predetermined width in the longitudinal 
35 direction on the upper level of the cam plate 75 and so as to overlap by a predetermined length with the third linear 
portion 1 2c of the cam 1 2, a V-shaped portion 1 8 that drops from the right end of the first linear portion 1 3a gradually 
at the predetermined angle and then rises from the bottom gradually at the predetermined angle, a second linear portion 
1 3b extending from the right end of the V-shaped portion 1 8 by a predetermined width in the longitudinal direction on 
the same level with the first linear portion 1 3a, a V-shaped portion 1 9 that drops from the right end of the second linear 
40 portion 1 3b gradually at the predetermined angle and then rises from the bottom gradually at the predetermined angle, 
and a third linear portion 1 3c extending from the right end of the V-shaped portion 1 9 by a predetermined width in the 
longitudinal direction on the same level with the linear portions 13a and 13b. 

[0085] The cam 1 4 has a first linear portion 1 4a formed so as to extend by a predetermined width in the longitudinal 
direction on the lower level of the cam plate 75 and so as to overlap by a predetermined length with the third linear 
45 portion 1 3c of the cam 1 3, a V-shaped portion 22 that drops from the right end of the first linear portion 1 4a gradually 
at the predetermined angle and then rises from the bottom gradually at the predetermined angle, and a second linear 
portion 1 4b extending from the right end of the V-shaped portion 22 by a predetermined width in the longitudinal direction 
on the same level with the first linear portion 14a. 

[0086] The punching unit 60 also has the punches 89a through 89d disposed in order in the longitudinal direction of 
50 the main frame 70 at a predetermined pitch (at intervals of a predetermined distance D3) while being supported movably 
in the direction orthogonal to the longitudinal direction. It is noted that even though not shown, there is provided a cam 
plate positioning mechanism for anchoring the cam plate 75 at predetermined positions also in the present embodiment 
similarly to the cam plate positioning mechanism 99 in the first embodiment. 

[0087] While the movable range detecting sensor 76 comprises a light projecting element as shown in FIGs. 6 and 
55 11 , a light receiving element corresponding thereto is not shown in the figures. When the cam plate 75 moves laterally 
in the figure with respect to the main frame 70, dousing members 5, 6 and 7 sequentially block a light of the movable 
range detecting sensor 76. Then, the sensor 76 transmits a result detected at that time to the control means 80. 
[0088] Based on the result of detection that the movable range detecting sensor 76 has been blocked by anyone of 
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the dousing members 5, 6 and 7, the control means 80 detects the position of the cam plate 75 moving with respect 
to the main frame 70 and detects that the punches 89a through 89d are kept at the highest position (non-punching 
position). The control means 80 also detects that the punches 89a through 89d are positioned at the lowest position 
(punching position), i.e., that the punching operation is being conducted, based on the result of detection that the light 
5 of the movable range detecting sensor 76 is not blocked by anyone of the dousing members 5, 6 and 7, 

[0089] The movable range detecting sensor 77 comprises a light projecting element 77a and a light receiving element 
77b disposed so as to face to each other apart by a predetermined gap and the movable range detecting sensor 78 
comprises a light projecting element 78a and a light receiving element 78b disposed so as to face to each other apart 
by a predetermined gap. 

10 [0090] The light of the movable range detecting sensor 77 passes through or is blocked by a dousing plate 9 that 
moves between the light projecting element 77a and the light receiving element 77b when the cam plate 75 moves 
laterally in the figure with respect to the main frame 70 and the movable range detecting sensor 77 transmits a result 
detected at this time to the control means 80. Based on the result detected by the movable range detecting sensor 77, 
the control means 80 decides to which the cam plate 75 should be moved among the dousing member 5, 6 and 7 when 

*5 the cam plate 75, i.e., the punches 89a through 89d, is started again after stopping at position other than the home 
position, i.e., at the position where the movable range detecting sensor 76 does not face to anyone of the dousing 
members 5, 6 and 7, due to a power failure or the like. 

[0091] The light of the movable range detecting sensor 78 passes through or is blocked by the dousing plate 9 that 
moves between the light projecting element 78a and the light receiving element 78b when the cam plate 75 moves 

20 laterally in the figure with respect to the main frame 70 and the movable range detecting sensor 78 transmits a result 
detected at this time to the control means 80. Then, based on the result detected by the movable range detecting 
sensor 78, the control means 80 judges whether the cam plate 75, i.e., the punches 89a through 89d, is positioned in 
a first movable range R4 or in a second movable range R2. The movable range detecting sensor 78 avoids the cam 
plate 75 from moving to the movable range of the group not used then even if an abnormality occurs in the control due 

25 to a system down such as a power failure in using the punching unit 60 for punching four or two holes by using either 
the first group in the first movable range R4 or the second group in the second movable range R2. 
[0092] Here, the punches 89a through 89d and the cams 1 1 through 1 4 described above are arranged so as to have 
the following predetermined positional relationship. It is noted that pins (followers) 25, supported by the respective 
punches 89a through 89d as described later, slidably engage with the respective cams 11 through 14. 

30 [0093] That is, in the initial state shown in FIG. 6 in which the cam plate 75 is positioned at the left end of the main 
frame 70, the pin 25 of the punch 89a is positioned at the right end of the second linear portion 11b, the pin 25 of the 
punch 89b is positioned at the right end of the third linear portion 1 2c, the pin 25 of the punch 89c is positioned at the 
right end of the third linear portion 13c, and the pin 25 of the punch 89d is positioned at the right end of the second 
linear portion 14b. Thus, all of the punches 89a through 89d are positioned at the highest position (non-punching 

35 position). In this state, the control means 80 recognizes that the cam plate 75 is in the initial state based on the position 
of the cam plate 75 detected by the both movable range detecting sensors 76 and 77. 

[0094] Then, in the four-hole punching state, the pin 25 of the punch 89a is positioned in the V-shaped portion 15, 
the pin 25 of the punch 89b is positioned in the V-shaped portion 1 7, the pin 25 of the punch 89c is positioned in the 
V-shaped portion 1 9, and the pin 25 of the punch 89d is positioned in the V-shaped portion 22. That is, in the four-hole 
40 punching state, the cam plate 75 shifts to the first movable range R4 and lowers the punch 89a at the V-shaped portion 
1 5 of the cam 1 1 , the punch 89b at the V-shaped portion 1 7, the punch 89c at the V-shaped portion 1 9 and the punch 
89d at the V-shaped portion 22, respectively, to the lowest position (punching position). In this state, the control means 
80 recognizes the four-hole punching state based on the result detected by the movable range detecting sensors 76 
and 77. 

45 [0095] In the two-hole punching state on the other hand, the pin 25 of the punch 89a is positioned in the first linear 
portion 11a, the pin 25 of the punch 89b is positioned in the V-shaped portion 16, the pin 25 of the punch 89c is 
positioned in the V-shaped portion 1 8, and the pin 25 of the punch 89d is positioned in the first linear portion 1 4a. That 
is, in the two-hole punching state, the cam plate 75 shifts to the second movable range R2 and lowers the punch 89b 
at the V-shaped portion 16 of the cam 12 and the punch 89c at the V-shaped portion 18, respectively, to the lowest 

50 position (punching position) while keeping the punch 89a at the first linear portion 1 1 a of the cam 1 1 and the punch 
89d at the first linear portion 14a to the highest position, respectively. In this state, the control means 80 recognizes 
the two-hole punching state based on the result detected by the movable range detecting sensors 76 and 77. 
[0096] In order to realize the initial state, the four-hole punching state and the two-hole punching state described 
above, the cams 1 1 through 1 4 have the following positional relationship each other. That is, a pitch (D3) between the 

55 four-hole punches 89a, 89b, 89c and 89d is almost equal to a pitch between the bottoms of the corresponding V-shaped 
portions 15, 17, 19 and 22. 

[0097] Still more, the second linear portion 11b of the cam 11 , the third linear portion 12c of the cam 12, the third 
linear portion 1 3c of the cam 1 3 and the second linear portion 1 4b of the cam 1 4 are formed so as to become longer 
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bit by bit in this order. Further, the second linear portion 12b of the cam 12 is formed to be slightly longer than the 
second linear portion 13b of the cam 13. This arrangement is made to lessen a load applied to the motor 73 in punching 
holes by moving the punches 89a through 89d of the first group or the punches 89b and 89c of the second group to 
the lowest position by shifting the timing for lowering the punches of the respective groups bit by bit. 

5 [0098] The cams are set so that the second linear portion 1 1 b of the cam 1 1 overlaps with the first linear portion 1 2a 
of the cam 1 2, the third linear portion 1 2c of the cam 1 2 overlaps with the first linear portion 1 3a of the cam 1 3, and 
the third linear portion 1 3c of the cam 1 3 overlaps with the first linear portion 1 4a of the cam 1 4. 
[0099] Further, as shown in FIGs. 6 through 1 0, a leg 27 is attached to the lower face of the main frame 70 through 
an intermediary of spacers not shown. The spacer forms a gap S1 that allows a sheet P to pass between the lower 

10 face of the main frame 70 and an upper face 27a of the leg 27. 

[0100] As shown in FIG. 1 0, the main frame 70 is provided with eight upper and lower punch supporting holes 28 in 
total formed so as to penetrate through the upper and lower faces of the main frame 70. The punches 89a, 89b, 89c 
and 89d are slidably and fittingly inserted into these punch-supporting holes 28, respectively. Four dies 29 are formed 
on the upper face 27a of the leg 27 so as to face to the punch supporting holes 28 at the lower face of the main frame 

15 70. The punches 89a through 89d are arrayed at an equal pitch (D3) and compose the first group for punching four 
holes and the second group for punching two holes. 

[0101] Then, the punch 89d for example is provided with a through hole 1 0 perforated in the direction orthogonal to 
its moving direction (vertical direction in thefigure). The through hole 1 0 supports the pin 25 so thatthe pin 25 penetrates 
through the hole 1 0 and the second linear portion 1 4b of the cam plate 75 and protrudes toward a guide long hole 26 
20 formed in the vertical direction of the main frame 70. The guide long hole 26 is formed so as,to penetrate through a 
side wall of the main frame 70 and so that its longitudinal direction orients in the vertical direction. Removable stop 
rings not shown are fitted to the both ends of the pin 25. 

[0102] Still more, the punch 89d is provided with a spring not shown that biases the punch 89d toward the corre- 
sponding die 29 and that is interposed between the upper edge of the main frame 70 and the stop ring fixed to the 
25 punch 89d. Although the spring biases the punch 89d downward, the punch 89d will not come out of the main frame 
70 because the pin 25 penetrates through the second linear portion 14b of the cam 14 and is held by that. It is noted 
that although the structure for supporting the punch has been described here centering on that of the punch 89d, the 
structure for supporting the other punches 89a through 89c is the same with that and an explanation thereof will be 
omitted here. 

30 [0103] The rack 83 is linked to the left end of the cam plate 75 in FIG. 6. This will be explained with reference also 
to FIG. 11. The dousing plate 9 described above extending along the longitudinal direction (lateral direction in the 
figure) of the cam plate 75 is linked to the back of the rack 83 (on the depth side in the figure). A link plate 8 is linked 
to the left end of the main frame 70 by a fixing screw 3. The movable range detecting sensor 76, 77 and 78 described 
above are sequentially disposed on the link plate 8 at a predetermined pitch. The movable range detecting sensor 78 

35 may be omitted by disposing a stopper 23 described later in the present embodiment. 

[0104] A slide guide 4 for suppressing looseness of the rack 83 during its move is linked to an extension 70a of the 
main frame 70 extending in the left direction in the figure. The slide guide 4 is made of a synthetic resin material for 
example and the stopper (move restricting means) 23 described above may be provided at an adequate position of its 
slide groove not shown. 

40 [0105] The stopper 23 may be formed in a body with the slide guide 4 by the same synthetic resin material and 
concurrently in fabricating the slide guide 4. For instance, it may be provided at the position facing to the left end of 
the rack 83 in the state in which the cam plate 75 is moved in the right direction in FIG. 6 to the second movable range R2. 
[0106] At this time, although the cam plate 75 is capable of reciprocate within the second movable range R2 in the 
state in which its left side in the figure is restricted by the stopper 23, the cam plate 75 will not be switched to the first 

45 movable range R4 during its operation in the second movable range R2 even if it becomes difficult to discriminate 
rotational position of the motor by the encoder 2 due to a system-down such as a power failure and the cam plate 75 
is tried to be moved to the first movable range R4 in the left direction in the figure because the stopper 23 reliably stops 
its move. That is, the simple arrangement using such stopper 23 allows the movable range detecting sensor 78 de- 
scribed above to be omitted. 

50 [0107] As shown in FIG. 11 , the dousing members 5, 6 and 7 described above are connected at the positions of the 
cam plate 75 in the vicinity of the rack 83 so as to be able to sequentially face to the movable range detecting sensor 
76 when the cam plate 75 moves. It is noted that the position of the movable range detecting sensor 76 and the dousing 
members 5, 6 and 7 in the depth direction is different from that of the movable range detecting sensors 77 and 78 and 
the douser 9. 

55 [0108] In the punching unit 60 of the present embodiment having the structure described above, a range to which 
the cam plate 75 reaches when it is moved by one step in the right direction in the figure from the home position, i.e., 
the initial state in FIG. 6, is the first movable range R4 and a range to which the cam plate 75 reaches when it is moved 
further by one step in the right direction in the figure from the neutral position, i.e., the neutral positions caused by the 
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second linear portions 12b and 13b, is the second movable range R2. 

[0109] The four-hole punching state using the four-hole punches 89a, 89b, 89c and 89d as the first group is obtained 
by reciprocating the cam plate 75 within the first movable range R4 and the two-hole punching state using the two- 
hole punches 89b and 89c as the second group is obtained by reciprocating the cam plate 75 within the second movable 
5 range R2. 

[0110] For instance, when the home position is denoted as N 1 and the position where the punches separate from 
the dies 29, thus producing the non-punching state beside the home position, is defined as a neutral position, neutral 
positions N-| and N 2 exist, while interposing the intermediate position where the respective punching state is produced, 
in order from the home position N 1 in the first and second movable ranges R4 and R2 sequentially provided from the 
10 home position N 1 in the right direction in FIG. 6. With respect to the first and second movable ranges R4and R2 existing 
in one direction from the N 1; this state may be expressed as follows: 

N 1 < > four-hole punching state (R4) < > N 2 < > 

15 

two-hole punching state (R2) < > N 3 

(Operation in Punching Four Holes) 

20 [0111] In the initial state (initial position) of the punching unit 60 in which the motor 73 is stopped in FIG. 6, the pin 
25 of the punch 89a is positioned in the second linear portion 1 1 b of the cam 1 1 , the pin 25 of the punch 89b is positioned 
in the third linear portion 1 2c of the cam 12, the pin 25 of the punch 89c is positioned in the third linear portion 1 3c of 
the cam 1 3 and the pin 25 of the punch 89d is positioned in the second linear portion 1 4b of the cam 1 4, respectively 
That is, all of the punches are held at the highest positions. 

25 [0112] When a sheet P is fed to the gap S1 and is positioned at a predetermined position in this initial state, the 
control means 80 turns on the punching unit 60 similarly to the case of the punching unit 30 described above. It is 
assumed that a user has made a setting for punching four holes in advance by this point of time. 
[0113] When the motor 73 rotates so as to shift the cam plate 75 from the initial state to the four-hole punching state, 
the cam plate 75 starts to move in the right direction in FIG. 6 and guides the respective pins 25 of the punches 89a 

30 through 89d to the bottom of the V-shaped portions 15, 17, 19 and 22 of the corresponding cams 11 through 14, 
respectively. Thereby, all of the punches 89a through 89d, as the first group, drop to the lowest position, respectively, 
and engage with the dies 29 (see FIG. 1 0) after punching holes in the sheet P. In the same time, the control means 80 
recognizes that four holes have been punched in the sheet P by the punches 89a through 89d of the first group based 
on the result detected by the movable range detecting sensors 76 and 77. 

35 [0114] Then, because the motor 73 rotates in the same direction and the cam plate 75 moves further in the right 
direction within the first movable range R4, all of the punches 89a through 89d are raised to and kept at the highest 
position by the first linear portion 1 1 a, the second linear portion 1 2b, the second linear portion 1 3b and the first linear 
portion 1 4a, each corresponding to the cams 1 1 through 1 4. At this time, the sheet P in which the four holes have been 
punched is pulled out of the gap S1 and a new sheet P is fed to the gap S1 . 

40 [0115] When the motor 73 rotates reversely by a predetermined number of revolutions in this state and when the 
cam plate 75 moves in the left direction in the figure, four holes are punched in the new sheet P by the four-hole 
punches 89a through 89d. When the cam plate 75 moves further in the left direction, the respective pins 62 of the 
punches 89a through 89d are led to the second linear portion 11b, the third linear portion 1 2c, the third linear portion 
13c and the second linear portion 14b, respectively, and the cam plate 75 returns to the initial state. 

45 

(Operation in Punching Two Holes) 

[0116] When a sheet P is fed to the gap S1 and is stopped at the predetermined position in the state in which the 
punches 89a through 89d are positioned at the first linear portion 1 1 a, the second linear portion 1 2b, the second linear 
50 portion 1 3b and the first linear portion 1 4a, each corresponding to the cams 1 1 through 1 4, and are kept at the highest 
position and when the motor 73 is stopped, the control means 80 turns on the punching unit 60. It is assumed that the 
user has made a setting for punching two holes in advance by this point of time. 

[0117] Then, when the motor 73 rotates so as to shift the cam plate 75 from the state described above to the two- 
hole punching state, the cam plate 75 starts to move in the right direction in FIG. 6 and the pins 25 of the punches 89a 
55 and 89d not used in punching two holes are held as they are at the highest position by the first linear portion 11a and 
the first linear portion 1 4a. In contrary to that, the pins 25 of the punches 89b and 89c which are also used in punching 
two holes similarly to the case of punching four holes are guided from the second linear portion 12b to the bottom of 
the V-shaped portion 1 6 and from the second linear portion 1 3b to the bottom of the V-shaped portion 1 8, respectively. 
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Thereby, the two-hole punches 89b and 89c drop to the lowest position (punching position), respectively, and engage 
with the dies 29 after punching holes in the sheet P. At this time, based on the result detected by the movable range 
detecting means 77, the control means 80 recognizes that two holes have been made in the sheet P by the punches 
89b and 89c of the second group. 

5 [01 1 8] Then , in response to a signal from the control means 80, the motor 73 rotates in the same direction and moves 
the cam plate 75 further in the right direction within the second movable range R2, so that all of the punches 89a 
through 89d are held at the highest position by the first linear portion 1 1 a, the second linear portion 1 2a, the second 
linear portion 1 3a and the first linear portion 1 4a each corresponding to the cams 1 1 through 1 4. At this point of time, 
the sheet P in which the two holes have been punched is pulled out of the gap S1 and a new sheet P is fed to the gap 

10 S1 . When the motor 73 rotates reversely by a predetermined number of revolutions in this state and when the cam 
plate 75 moves in the left direction in the figure, two holes are punched in the new sheet P by the two-hole punches 
89b and 89c. 

[0119] As described above, the punching unit 60 of the present embodiment brings about the following effects in 
addition to the similar effects of the first embodiment. 

15 [0120] That is, the punching unit 60 enables the cam plate 75 to readily and reliably reach to the first movable range 
R4 or the second movable range R2 just by advancing the cam plate 75 in one direction by one step from the home 
position N 2 or by advancing it in the same direction further by one step from the first movable range R4. Accordingly, 
the control may be simplified. Still more, it is capable of vertically moving the punches 89a through 89d reliably as the 
first or second group just by reciprocating the cam plate 75 within the first and second movable range R4 and R2. 

20 [0121] Stillmore, because the first group is composed of the four punches, i.e., an even number of punches, and the 
second group is composed of the two center punches 89b and 89c among the punches 89a through 89d of the first 
group, the four- and two-hole punching processes may be adequately and freely carried out on the sheet P (it is of 
course possible to punch an even number of holes of more than four) without shifting, in correspondence to each 
process, the center of each punching state of the four-punching state which is carried out centering on the center part 

25 of the four punches 89a through 89d, i.e., the middle position between the punches 89b and 89c, of the first group and 
of the two-hole punching state which is carried out centering on the middle position between the two center punches 
89b and 89c of the first group. 

[0122] It is also possible to omit the movable range detecting sensor 78 for detecting the move of the cam plate 75 
by the very simple arrangement of just restricting the move of the cam plate 75 to the opposite movable range by the 

30 stopper 23. That is, when the punching unit 60 is mounted to a copying machine or the like, a control is made so as 
to be able to use only the group actually used often based on the movable range detecting sensor 78 that detects the 
move the cam plate 75 to the opposite group. For instance, when the control is reset after when a supply of electric 
power is started again from a condition of system-down such as a power failure, the control of shifting the cam plate 
75 to the group used before the power failure is normally carried out based on the result detected by the movable range 

35 detecting sensor 78. Accordingly, although the movable range detecting sensor 78 is essential, the stopper23 is capable 
of restricting the very move of the cam plate 75 to the opposite side and the sensor 78 may be omitted in the present 
embodiment. Thereby, it becomes possible to reduce the product cost by omitting the relatively expensive sensor 78. 
That is, it enables to cut the cost required for a control board not shown in the control means 80, in addition to the cost 
of the movable range detecting sensor 78 itself. It also enables a considerable cost-down to be counted on in producing 

40 several tens of thousands of sets, troubles that may be otherwise caused by the sensors and the control to be reduced 
and its maintenance to be reduced. 

[0123] Still more, the move of the rack 83 in the left direction in FIG. 6 may be reliably restricted at certain position 
by providing the stopper 23 by blocking, by synthetic resin material, an adequate position of the slide groove of the 
slide guide 4 made of synthetic resin. Or, instead of that, it is possible to restrict the move of the rack 83 in the right 
45 direction of the figure from the certain position and the same effect with that described above may be obtained by fixing 
a member made of an adequate material, e.g., a metallic screw, at an adequate position corresponding to the right 
end of the cam plate 75 in the main frame 70. 

[0124] When the stopper 23 is formed in the slide groove of the slide guide 4, only the cost for correcting a die of 
the slide guide 4 needs to betaken into account and hence it may be handled at very low cost without increasing the cost. 
50 [0125] It may be needless to say that the arrangement of eliminating the movable range detecting sensor 78 by 
providing the stopper 23 is also applicable to the first embodiment described above. 

Industrial Applicability 

55 [0126] As described above, the inventive punching unit is useful as what is mounted to a main body of an image 
forming apparatus such as a copying machine, a printer, a facsimile and a multifunction machine of those machines 
or to a printing machine, and is specifically suitable to an apparatus which is required to be simplified by reducing a 
number of parts. 
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ims 

A punching unit, comprising a plurality of punches and dies for punching holes in a sheet type member to be 
punched, a reciprocating member capable of reciprocating in a direction orthogonal to a moving direction of said 
punches, and a plurality of cams and followers engaging with said cams, interposed between said reciprocating 
member and said plurality of punches, for converting the reciprocating movement of said reciprocating member 
to a vertical movement of said punches to punching and non-punching positions; wherein 

said plurality of punches are grouped into a first group composed of a predetermined number of punches 
and into a second group containing any one of the punches of said first group and having a less number of punches 
than the predetermined number of punches of said first group; and 

a punching state of the predetermined number of punches is produced by reciprocating said reciprocating 
member within a first movable range and by vertically moving the punches of the said first group through an inter- 
mediary of said cams and followers corresponding to the punches of said first group and a punching state of the 
less number of punches than the predetermined number of punches is produced by reciprocating said reciprocating 
member within a second movable range and by vertically moving the punches of said second group through an 
intermediary of said cams and followers corresponding to the punches of said second group. 

The punching unit as set forth in Claim 1 , wherein said first movable range is a range to which said reciprocating 
member reaches in advancing in one direction from a home position with respect to a main frame and said second 
movable range is a range to which said reciprocating member reaches in advancing in the other direction from the 
home position. 

The punching unit as set forth in Claim 2, wherein first and second neutral positions are provided on the opposite 
side from the home position respectively in said first and second movable ranges at the positions interposing the 
home position therebetween; and 

said reciprocating member vertically moves said plurality of punches as said first group or as said second 
group in reciprocating in said first or second movable range. 

The punching unit as set forth in anyone of Claims 1 through 3, wherein said first group is composed of three 
punches arrayed at a predetermined pitch and a common punch in said first group that may be commonly used 
also in said second group is positioned at the center among said three punches; and 

said second group is composed of said common punch and a punch dedicated for punching two holes and 
disposed between the punch positioned at one end among said three punches and said common punch. 

The punching unit as set forth in Claim 4, wherein said cam corresponding to said common punch is provided with , 
continuously via a linear portion, a first V-shaped portion capable of moving said common punch from the non- 
punching position to the punching position when said reciprocating member moves in one direction and a second 
V-shaped portion capable of moving said common punch from the non-punching position to the punching position 
when said reciprocating member moves in the other direction. 

The punching unit as set forth in Claim 1 , wherein said first movable range is a range to which said reciprocating 
member reaches in advancing by one step in one direction from a home position with respect to a main frame and 
said second movable range is a range to which said reciprocating member reaches in advancing further by one 
step in one direction from said first movable range. 

The punching unit as set forth in Claim 6, wherein first and second neutral positions are provided in order from 
said home position in said first and second movable ranges provided sequentially in said one direction from said 
home position; and 

said reciprocating member vertically moves said plurality of punches as that of said first or said second group 
in reciprocating in said first or second movable range. 

The punching unit as set forth in Claims 7, wherein said first group is composed of three or more punches arrayed 
at a predetermined pitch; and said second group is composed of at least two punches among the punches in said 
first group. 

The punching unit as set forth in Claim 1 , further comprising move restricting means for restricting said reciprocating 
member from moving to the movable range on the opposite side in using said reciprocating member in said first 
or second movable range. 
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10. The punching unit as set forth in Claim 9, wherein said move restricting means is a stopper for blocking the move 
of said reciprocating member at a predetermined position with respect to said main frame. 
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FIG.3 
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FIG.4 
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FIG.7 
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and followers (62 or 25) corresponding to the 
first group and another punching state of the less 
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of the second group through an intermediary of 
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group . This arrangement allows the number of 
punches and dies to be reduced as compared to the 
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